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General Experimental Details
All manipulations were routinely carried out under an inert (Ar or N 2 ) atmosphere. Cooling to 0 °C was effected using an ice-water bath. Cooling to temperatures below 0 °C was effected using dry iceacetone mixtures. For the purposes of thin layer chromatography (tlc), Merck silica-aluminium plates were used, with uv light (254 nm) and potassium permanganate or anisaldehyde for visualisation. For column chromatography Merck Geduran ® Si 60 silica gel was used. Butyl lithium solutions were standardised with diphenyl acetic acid. 
Biological materials and methods
Optical properties
Fluorescence quantum yields of analogues (Table 1) . Fluorescence spectra of 50uM analogues were measured as above and furthermore, the emission of 1uM Eosin Yellow dye (BDH Lab Supplies, Poole, UK) in basic ethanol was measured at an excitation wavelength of 490nm. Furthermore, absorption readings of 50uM analogues were also measured and used to derive fluorescence quantum yields 3 of analogues at pH 7.8 in TEM buffer.
pH dependence of fluorescence spectra of D-luciferin (1) and analogues 4 and 5 (Fig 3) . 10mg/ml analogues in 50% DMSO were dissolved in 500ul TEM buffer (pH 7.8) for concentrations of 500uM S3 each. They were further diluted to 50uM in different solutions of TEM of differing pH values (pH 6.3, 6.8, 7.3, 7.8, 8.3, 8.8 & 9. 3). The solutions were checked for pH after being made up with analogues (values displayed in data). Data were acquired in 2 instruments: the Varian Cary Eclipse
Spectrofluorometer and also the Tecan Infinite M200 Spectrofluorometer in triplicate of triplicates on each machine.
Bioluminescence specific activities of luciferin analogues with wild-type firefly luciferase (Fig 4) .
Bioluminescence assays were conducted using the PhotonIMAGER Optima (Biospace Labs, Paris, France) at 26-28 o C. 50ul of 6mM ATP was dispensed onto 50ul substrates mixed with different luciferases in triplicate. Experiments were carried out several times with 0.05uM enzymes for native luciferin and 0.5uM enzymes for analogues.
Bioluminescence spectra of wild-type luciferase enzymes with luciferin and analogues. 1-10mM
enzymes were used to determine bioluminescence spectra with luciferin and analogues at differing pH. The spectrum of Eosin Yellow in basic ethanol was compared to the absolute spectrum 4 to correct spectra for PMT sensitivity. 
